Reports by others have described the haemagglutinins of Hong Kong (H3N2) strains and the Asian (H2N2) strains as being antigenically unrelated. Cross reactions seen by the haemagglutination-inhibition (HI) test have been attributed to antibodies to a second major surface antigen, the neuraminidase, which is common to both subtypes. However, observations on human anamnestic antibody responses suggest the two haemagglutinins are related. In the present study we reexamined the antigenic relationship of these viruses using haemagglutinin specific virus recombinants, chicken and ferret antisera, antibody equilibrium filtration methods, and cross-infection in ferrets. Data from these studies consistently demonstrated an asymmetric relationship, independent of the neuraminidase, between the H2 and H 3 strains.
INTRODUCTION
Two major theories for the antigenic evolution of the influenza-viruses of man have been proposed. The first attributes antigenic changes to the selection of pre-existing mutants through increasing levels of immunity in the human population. The secondary theory holds that whereas minor evolutionary changes may occur through antibody pressure, major antigenic variants usually associated with pandemics may originate from animal reservoirs or from recombination between human and animal strains. Speculation regarding recombination or the possible animal origin of pandemic strains was heightened by reports of the antigenic composition of the virus causing the Hong Kong influenza pandemic of I968-69. The haemagglutinin antigen showed a major shift, but the neuraminidase antigen was identical with that of the Asian virus circulating the preceding year (Coleman et al. I968) . Schulman & Kilbourne (I969b) described the cross reactivity between the Hong Kong strains and the previous Asian strains seen by haemagglutinationinhibition (HI) tests as being mediated entirely through antibody to closely related neuraminidase antigens and not to the haemagglutinins. Webster & Laver 0972) also reported no cross reactivity between the Hong Kong and Asian strains using antisera produced with isolated and purified haemagglutinins.
These data were not consistent, however, with observations on the immunologic response of man. Infection or immunization with the Hong Kong virus results in a striking anamnestic response to the haemagglutinins of Asian viruses (Mostow et al. I969; Tauraso et al. I969; Marine, Workman & Webster, I969) , suggesting some immunologic relationship must exist. This present study was undertaken to examine these paradoxical findings. Using recombinants possessing specific haemagglutinin and neuraminidase components we report an asymmetric relationship between the haemagglutinins of the viruses from the Hong Kong (I968) and the Asian 0957) pandemic periods. Antisera. Chicken antisera were prepared by a single intravenous injection of 5 ml. infected allantoic fluid. Sera were collected 9 days later. Ferret antisera were prepared by inoculating animals intranasally with I-o ml. of infected allantoic fluid. High-titred homologous antisera were obtained by a second intranasal infection 2 to 5 months after the initial infection; 2 to 4 weeks later the animals were injected subcutaneously in the tail with o'3 to o'4 ml. adjuvant vaccine, and bled after 2 weeks. Adjuvant vaccine was prepared by emulsifying equal parts of infected allantoic fluid with Arlacel A in Drakeol 6-VR. Antisera against the recombinant viruses A/PRAGUE(HeqI)-RI(N2) and A/PRAGUE(HeqI)-HK(N2), were prepared by a single intranasal infection followed by adjuvant vaccine 3 weeks later. In cross-infection studies the primary infection was followed by a second infection in 2 to 5 months and bleeding 3 weeks later.
METHODS

Viruses
Goat antisera to purified haemagglutinin prepared from detergent disrupted A/Atcm(H3)-BEL(NI) recombinant were furnished by Dr R. G. Webster. Chicken antisera were prepared against purified H3 haemagglutinin also received from Dr Webster. Chickens received one intramuscular injection of antigen in Freund's adjuvant and an intravenous booster with an aqueous suspension 3 weeks later. Animals were bled I week after the final injection.
Haemagglutination-inhibition (HI) tests. HI tests were performed by the microtitre method
Relationships of H3 and H2 influenza strains I29 in 'V' plates using 4 haemagglutinating units of infected allantoic fluid antigen or, where indicated, antigens grown in rhesus monkey kidney cell cultures. Erythrocyte suspensions (o'5 %) were prepared from the pooled bleedings of 3 White Rock chickens, or where indicated, human 'O' erythrocytes. Sera were treated with RDE (IOO units/ml.) to remove nonspecific inhibitors (Robinson & Dowdle, 1969) . HI titres were defined as the highest dilution of serum showing complete inhibition of agglutination. Complete inhibition was determined by tilting the plates and observing the 'tear-shaped' streaming of cells which ran at the same rate as cell controls.
Treating ferret sera with RDE was adequate for destruction of nonspecific inhibitors for the Hz strains, but it did not destroy all inhibitors for A/HONG KONG and A/AIcI-II (Coleman & Dowdle, I969) . Other recognized serum treatments with trypsin, potassium periodate, kaolin, manganese chloride-heparin, and various combinations also failed to remove inhibitors from ferret sera. Addition of RDE-treated allantoic fluid in equal amounts to each serum dilution (the haemagglutination-inhibition neutralization (HIN) test of Harboe (1963)) effectively eliminated RDE-resistant inhibitors. This treatment was used for ferret sera. The effect of allantoic fluid did not appear to be caused by a specific blocking of antihost (egg) immune globulins since allantoic fluid also eliminated inhibitors found in normal ferret serum when monkey kidney-grown Hong Kong viruses were used as antigens.
Neuraminidase inhibition (NI) tests. NI tests were performed as described by Webster & Pereira (1968) . The NI titre was expressed as the reciprocal of the highest dilution of serum inhibiting 50 % of the enzyme activity. Values were adjusted for I ml. volumes.
Estimate of number of HI antibody molecules.
The number of antibody molecules per ml.
in an antiserum was determined by the equilibrium filtration method (Fazekas de St Groth & Webster, 1961 ) . HI antibody titrations were performed on the ultrafiltrates of a single dilution of antiserum mixed with different doses of virus. Ten graded doses of virus were added to bind between 90 and 99"9 ~o of the antibody. The mixtures were allowed to equilibrate for 3o min. and were then filtered through Millipore membranes with an average pore diameter of 5 o nm. The unbound antibody was estimated by HI tests. The weighted mean estimates of the number of antibody molecules/ml. (A) were computed with a program written by Fazekas de St Groth (1961) .
RESULTS
HI tests with antisera prepared against H and N specific recombinants
Each of the seven reference strains representing isolates from 1957 through I968 was tested against chicken and ferret antisera prepared with A/JAPAN or A[HONG KONG strains and with recombinants possessing only the H or N component specific for those strains (Tables I, 2 ).
The A/JAPAN antiserum profile (Table I) for homologous neuraminidase components. § Pool of equal quantities of antisera to indicated recombinants. Titres were adjusted to reflect dilution through pooling. 2o  63I  75o  I22  II2  I88  687  4IO  I3  I3   8  8  <  IO   IO   355  i122  I778  20  i8  <  8  17 457t  861o  <  6  i8 i216o 13240   8  8  <  I8  18   IO  8  22 25760 25760 * Neuraminidase inhibition titres of A/PRAGUE(HeqI)-RI(N2), A/PRAGUE(HeqI)-HK(N2) and parent virus antisera were ~> I : 20,000 for homologous neuraminidase components.
"~ Reciprocal of geometric mean titres from 4 tests with allantoic fluid antigens and 2 ferret antisera treated with RDE. Titres of pre-immune sera were ~< I : 5 for all antigens.
~: Geometric mean ~< 1:5. § Pool of equal quantities of antisera to indicated recombinants. Titres were adjusted to reflect dilution through pooling. chicken antisera were somewhat different from those observed with the parent antisera. The recombinant antisera were less reactive with A/TAIWAN, A/KOREA and A/TOKYO. However there was little or no loss of reactivity to A/NEDERLANDS or A/JAPAN (Tables I, 2) .
The possibility that the HI test with hyperimmune ferret antisera was measuring antibody against host antigens was ruled out by the HIN test and by using virus antigens grown in monkey kidney tissue culture. Also these same parent A/JAPAN and A/HONG KONG ferret
and chicken antisera did not inhibit haemagglutination by A[SWINE/r976/3I(HswINI),
A/PR/8/34(HONI), or A/FM/I/47(HINI). t A/AICrtII2168 was used in equilibrium filtration measurements instead of A/SKI8/68 because of availability of purified virus.
:~ The range of observations for 6 ferret antisera is given in parentheses. § The standard deviations of (A) were less than xo %.
The specificity of the inhibition of the H2 strains by HONG KONG H3 component antisera was further confirmed by inoculating 20 additional chickens with egg-grown A/rtK(H3)-Nws(NI) and A/AICHI(H3)-sw(NI). Each serum was examined by the HI test with human 'O' erythrocytes and antigens grown in monkey cell cultures (Table 3) . HI titres under these conditions were comparable to those seen in Table I .
Additional confirmation of the specificity of the HI cross reactions was obtained from conventional neutralization tests in rhesus monkey kidney cell cultures. Two sera each were selected from chickens and ferrets inoculated with A/HK(H3)-NWS(NI ) and A/AICHI(H3)-sw(NI). Neutralization patterns of strains A/JAPAN, A/TAIWAN, A/KOREA, and A/NEDER-LANDS were similar to those seen in HI tests. Hyperimmune goat and chicken serum prepared by injections of purified haemagglutinin (H3) antigen in adjuvants, however, did not significantly inhibit any of the H2 reference strains (Table 3 ).
Quantitative interrela ionships between H antigens of A/JAPAN/3O5/57(H2 ) and
A/HONG KONG/8/68(H3)
The asymmetric relations l etween A/JAPAN and the Hong Kong strains was analysed quantitatively by equilibrium filtration of H component ferret antisera. All 6 A/HK(H3) Nws(N0 ferret antisera reacted with A/JM'AN. The percentage of the antibody molecules reacting ranged from 8 to 28 (Table 4) . Conversely, only one of 5 A/JAPAN(H2)-Nws(NI) ferret antisera had sufficient A/AIcm antibody levels to quantitate by equilibrium filtration.
In this serum less than one percent of the antibody molecules reacted.
Cross-infection of ferrets
Cross-infection studies in ferrets were employed to define further the H relationships between A/JAPAN and A/HONG KONG. Primary infection of ferrets with A/rlONG KONG followed by secondary infection with A/JAPAN showed simultaneous rises in both HI and NI FIong Kong antibodies (Table 5 ). The independence of the HI response was demonstrated by secondary infection with A/JAPAN(H2)-NWS(NI) which yielded a 7"9-fold increase in Hong Kong HI antibody and stationary NI antibody.
In the reverse sequence of cross-infection, the H relationships were more pronounced. The 44.8-fold increase in HI response to A/JAPAN and the absence of an NI antibody increase resulting from secondary infection with the H3 component recombinant also confirmed the independence of this HI relationship. The specificity of the respective HI anamnestic responses between A/JAPAN and A/IaONG KONG was verified by using H component recombinants for both primary and secondary infections.
DISCUSSION
Our data are in agreement with the observation of Schulman & Kilbourne (I969a) and others (Easterday et al. 1969 ) that relationships among influenza A haemagglutinin or neuraminidase antigens must be determined under test conditions which preclude interference of antibody to the other. Our data also agree with Schulman & Kilbourne in that the HI activity seen with Asian virus antisera and Hong Kong antigens is absent or considerably reduced when antisera containing only antibodies to the Asian H2 component are employed.
However, in opposition to their findings we find that the reverse relationship, that is, inhibition of the Asian strains with Hong Kong antisera, is not mediated entirely through similar neuraminidase antigens. The ability of Hong Kong antisera to react with A/JAPAN was not appreciably altered when recombinant H3 component antisera were used. This apparent asymmetric relationship between the haemagglutinins of the Asian and Hong Kong strains was observed with multiple recombinant antisera in HI and neutralization tests and equilibrium filtration studies. The use of egg-grown virus as the immunogen and virus grown in cell cultures as the test antigen as well as tests with over 30 chicken and ferret antisera rule out the possibility that the inhibitory activity was due to either antihost activity or the chance selection of animals for immunization.
The inability to demonstrate the same asymmetric relationship using chicken or goat antisera prepared against the purified haemagglutinin is in agreement with the report of Webster & Laver (1972) . There are several possible explanations for these anomalous findings. The antibody population produced in response to the purified haemagglutinin may be largely of one immunoglobulin class and less heterogeneous than that produced by the whole virus particle; or an antigenic determinant may be masked or lost through the process of SDS treatment and purification of the haemagglutinin. Laver & Webster (1972) have concluded from peptide maps of the purified H2 and H3 haemagglutinins that it is highly unlikdy that the 2 structures could share related protein antigens. However, such studies do not preclude the existence of related carbohydrate antigens or conformational antigenic sites.
Results with the animal antisera to whole virus particles of H3 recombinant are more consistent with general observations on human antibody responses. Infection or immunization of man with the Hong Kong virus produces striking anamnestic rises to H2 viruses whereas antibody rises to earlier Ho or HI viruses are minimal regardless of the subject's original antigenic sin (Tauraso et aI. I969; Marine et al. 1969) . Because of this sharp demarcation in anamnestic response it seems reasonable that some antigenic relationship exists between the haemagglutinin of Hong Kong and Asian strains which does not extend to the pre-Asian strains. Indeed, this is exactly the pattern seen with immune animal sera. No significant cross reactions between the Hong Kong strains and pre-Asian strains were observed or have been previously reported using these same methods .
We are not assigning major taxonomic importance to this asymmetric relationship, the H2 and H3 antigens clearly constitute subtypes (WHO, I97I ). Nor are we necessarily suggesting an evolutionary pathway since the immunologic nature of this cross reaction must first be defined. However, our data unequivocally demonstrate that there is a relationship between the surfaces of Hong Kong and Asian viruses which is independent of the neuraminidase.
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